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AUTOMATIC MODULATION TYPE DISCRIMINATION APPARATUS AND 
AUTOMATIC MODULATION TYPE DISCRIMINATION METHOD 
CAPABLE OF DISCRIMINATING PLURAL KINDS OF MODULATION TYPES 



The present invention relates to an automatic modulation type 
discrimination apparatus, particularly an automatic modulation type discrimination 
apparatus and automatic modulation type discrimination method for automatically 
discriminating a modulation type of a reception signal having unknown 
communication elements, and to a magnetic recording medium in which a 
program for operating the apparatus and implementing the method has been 
recorded. 

Hitherto, as to this kind of apparatus for discriminating a modulation type 
of reception signal, there is, for example, a reception signal discrimination circuit 
disclosed In U.S. Patent No. 5.600,673. This reception signal discrimination 
circuit is applied to a radio communication system using the same frequency 
band in a connection communication between isolated islands and an urgent 
communication in an emergency, and used in order to discriminate an urgent 
communication signal accurately and at high speed. 

The reception signal discrimination circuit mentioned above is explained 
by referring to Fig.1 . In Fig.1 , the reception signal discrimination circuit includes 
a clock extraction circuit 111 for extracting a data clock from demodulated 
reception data. A phase difference measurement circuit 112 measures a phase 
difference between the data clock extracted by the clock extraction circuit 111 and 
the demodulated reception data. A deviation calculation circuit 113 calculates a 
deviation between the phase deviation measured by the phase difference 
measurement circuit 112 and a reference value for deviation predetermined on 
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the basis of a modulation type. A squaring calculation circuit 114 squares the 
deviation calculated by the deviation calculation circuit 113. An average value 
calculation circuit 115 calculates an average value of plural numbers of 
continuous predetermined squared value outputs calculated by the squaring 
calculation circuit 114. A comparison circuit 116 compares as to which is lager 
the average value calculated by the average value calculation circuit 115 or a 
predetermined reference value for determination, and outputs a discrimination 
signal on the basis of the comparison result. 

Next, an operation of the reception signal discrimination circuit is 
explained. An object of the reception signal discrimination circuit is to 
discriminate whether or not reception data of a desired modulation type are 
Q inputted- Incidentally, a demodulator of the modulation type becoming a 

discrimination object is placed in a front stage of an input portion of reception data, 
'MJ and the reception signal discrimination circuit performs the discrimination from a 

M clock number for phase difference measurement included in one bit data interval 

ij[ of demodulated reception data. This utilizes a characteristic that, in case where 

35 the reception data are reception data of the desired modulation type, a clock 

3 number becomes constant but, In case where it is reception data of another 

f™ modulation type, its value becomes an unstable value. 

D Accordingly, with this reception signal discrimination circuit, first in case 

= " where the reception data other than the desired modulation type are received, it is 

impossible to specify that modulation type. Further, on discriminating, since it is 
a premise that the discrimination is performed using the demodulated reception 
data, it is necessary that communication elements required for demodulating the 
reception signal is previously known. 

Concretely, the reception signal is first demodulated by a demodulator in 
which the communication elements necessary for the demodulation have been 
set. Thereafter, the demodulated reception data are Inputted to the circuit shown 
in Fig.1 , and the data clock is extracted by the clock extraction circuit 111 . Next, 
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the reception data and the extracted data clock are inputted to the phase 
difference measurement circuit 112. The phase difference measurement circuit 
112 has a phase difference measurement clock of prescribed frequency, which is 
fixed therein. The phase difference measurement circuit 112 computes a clock 
number for the phase difference measurement between from a change point of 
the reception data to a leading edge of a next data clock. 

In Fig.2Ato Fig.2C, there are shown waveform diagrams in case where 
the reception data of the desired modulation type are inputted. Fig.3A to Fig.3C 
show waveform diagrams in case where the reception data other than the desired 
modulation type are inputted. Fig.2A, Fig. 3A show the waveforms of the 
demodulated reception data, and Fig.2B, Fig.3B show the waveforms of the data 
clock. Fig.2C f Fig.3C show waveforms of measured data clock of the phase 
difference measurement clock. 

As apparent from Fig.2Ato Fig.2C. in case where the reception data of 
the desired modulation type are inputted as the reception signal the measured 
clock number becomes a constant value. However, as shown in Fig.3A to 
Fig.3C, in case where the reception data not modulated by the desired 
modulation type are inputted, the change point of the reception data becomes 
random, and also the measured number of the phase difference measurement 
clock becomes random. From the results mentioned above, it is made possible 
to determine whether or not the reception data are the desired modulation type. 

Incidentally, the deviation calculation circuit 113, the squaring calculation 
circuit 114 and the average value calculation circuit 115 are calculation circuits 
used for the purpose of increasing an accuracy when performing the 
discrimination processing, by utilizing the aforesaid characteristic. The 
comparison circuit 116 determines, from the inputted calculation result, whether 
or not the reception signal Is a signal by the desired modulation type. 

As mentioned shove, in the prior art, it is an object to discriminate 
whether or not the reception data of the desired modulation type are received. 
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Further for the discrimination processing, the demodulated reception data are 
used and, in order to obtain this demodulated reception data, there are 
beforehand required the communication elements necessary for demodulation 
and the demodulator therefor. 

Besides, as to a circuit for discriminating whether or not the reception 
signal is the desired modulation type, there is a discrimination circuit disclosed in 
the aforesaid U.S.P, No. 5600673. This discrimination circuit is shown in Fig.4. 
In Fig. 4, this discrimination circuit extracts the clock data from the demodulated 
reception data by a PPL (Phased Lock Loop) circuit 119, the reception data are 
decoded in a decoding circuit 117 by the extracted data clock. Subsequently, a 
synchronous code is detected by a synchronous code detection circuit 118 from 
the extracted data clock and the decoded data. By using the detected 
synchronous code, it is discriminated whether or not the reception data are the 
desired modulation type. 

That is, in this discrimination circuit, the discrimination is performed 
paying attention to the synchronous code after the decoding. Further, the 
discrimination is only a discrimination as to whether or not it is the desired 
modulation type. Furthermore, on discriminating, the communication elements 
(including the synchronous code) for obtaining the synchronous code must be 
previously known and the demodulator for demodulation is required. 

As apparent from the explanation mentioned above, in the conventional 
modulation type discrimination method, there are problems mentioned below. 

A first problem exists in the fact that, with the conventional discrimination 
circuit mentioned above, il is only possible to discriminate whether or not the 
reception data are a signal of the desired modulation type. This means that the 
received reception data of another modulation type do not become an object of 
the modulation discrimination. Therefore, in case where plural kinds of 
modulation types are made the discrimination object, an apparatus becomes 
Iarge-si26d, so that it becomes a problem also in terms of a flexibility of the 



apparatus. 

A second problem is the fact that, with the conventional discrimination 
circuit, the communication elements must be previously known for the 
discrimination. This is because the data used in the discrimination are the 
reception data after the demodulation and the synchronous code after the 
decoding. In order to obtain these data and code, there are beforehand required 
the communication elements otthe modulation type which is the discrimination 
object and the demodulator in which the communication elements are set. Here, 
in case where these are not previously known, accurate data used in the 
discrimination arc not obtained, so that it is difficult to perform the discrimination 
processing. 

A third problem is the fact that, in case where the communication 
elements of the signal which is the discrimination object changes, it is impossible 
to deal with the change. This is because, with the conventional discrimination 
circuit, it is a premise that a modulation type is discriminated by the reception data 
after having been demodulated using the known communication elements. This 
is also because it does not have a communication wave elements extraction 
circuit capable of dealing with a change in the communication elements and 
means for analyzing that change. 

A fourth problem is the fact that, with the conventional discrimination 
circuit, a long time is required for the decoding and the detection of the 
synchronous code, so that it is impossible to perform the discrimination at high 
speed. This is because, in the example of Fig.4, notwithstanding the fact that 
the synchronous date, i.e., usually preamble data and the like, exist at the 
beginning of the reception data, it must pass through a detection of the 
synchronous code existing thereafter. 

A fifth problem is the facl that, in case where plural kinds of conventional 
discrimination circuits are combined and plural kinds of modulation types are 
made an object of the discrimination, a circuit scale becomes large and complex, 
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so that a necessary calculation amount is greatly increased. This is because, in 
order that the plural kinds of modulation types are made an object of the 
discrimination, it is necessary to adopt a constitution in which such a constitution 
as shown in Fig. 1 is arranged in parallel in plural number. 

j 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a modulation type 
discrimination apparatus and modulation type discrimination method for 
automatically analyzing a modulation type of a reception signal having unknown 
communication wave elements. 

A second object of the present invention is to provide a modulation type 
discrimination apparatus and modulation type discrimination method in which, on 
discriminating a modulation type of the reception signal, communication elements 
for preliminarily performing a discrimination processing of the modulation type 
and a hardware such as demodulator are made unnecessary. 

A third object of the present invention is to improve a discrimination 
accuracy of a modulation type and a performance of the apparatus by using plural 
parameters (characteristics extracted from the reception signal, which are used 
for the modulation type discrimination) for modulation type discrimination and 
performing a weighting processing to the parameters for the discrimination. 

A fourth object of the present invention is to make it possible to provide 
an optimum processing technique by means of, for the reception signal judged to 
be unknown (unclear) as a result of the discrimination processing of the 
modulation type, switching to another discrimination processing by using 
informations obtained from the discrimination processing until that point of time 
and a backtracking technique, and by means of, by storing the discrimination 
result of the processed of the modulation type to a storage circuit, comparing 
and collating It with the stored informations in case where the same unknown 
reception signal is inputted again. 
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A fifth object of the present invention is to increase a kind of the signal 
capable of being dealt with, by a database making of the informations in the 
storage circuit mentioned above. 

A sixth object of the present invention is to provide an apparatus and 
method for performing, besides the modulation type discrimination processing, a 
demodulation processing of the reception signal by storing and utilizing the 
communication elements obtained in a modulation type discrimination processing 
course of the reception signal. 

A seventh object of the present invention is to provide a modulation type 
discrimination apparatus and modulation type discrimination method, which make 
it possible, in the modulation type discrimination processing, to perform the 
discrimination processing without waiting a detection of the modulation data and a 
q detection of the synchronous code. 

|f An eighth object of the present invention is to provide a constitution for 

111 improving a reliability of the modulation type discrimination apparatus. With this 

■ : *J constitution, a hardware constitution capable of Implementing with a high 

51 accuracy the discrimination processing of plural kinds of modulation types and a 

processing technique by a digital signal processing are provided. 

According to the present invention, an automatic modulation type 
discrimination apparatus for receiving a reception signal having unknown 
~ communication elements and discriminating a modulation type of the reception 

O signal is provided. The automatic modulation type discrimination apparatus 

includes an analog/digital modulation type discrimination portion for extracting 
and analyzing a predetermined characteristic from the reception signal and 
discriminating whether the modulation type of the reception signal is an analog 
modulation type or a digital modulation type. The analog/digital modulation type 
discrimination portion Includes a discrimination portion for, in case where the 
modulation type of the reception signal is discriminated to be the digital 
modulation type, discriminating whether the reception signal is a linear 
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modulation type or a non-linear modulation type among the digital modulation 
type. 

By paying attention to the fact that the reception signal has a 
characteristic corresponding to a communication modulation type in compliance 
with it, the automatic modulation type discrimination apparatus according to the 
present invention is adapted such that the modulation type is discriminated by 
extracting/analyzing this characteristic. 

In concretely mentioning, the automatic modulation type discrimination 
apparatus comprises an analog/digital modulation type discrimination circuit for 
discriminating whether the reception signal is the analog modulation type, the 
linear modulation type by digital modulation type or the non-linear modulation 
type by digital modulation type (1 in Fig.5). 

The automatic modulation type discrimination apparatus further includes 
an analog modulation type discrimination circuit for, in case where the reception 
signal is discriminated to be Ihe analog modulation type, receiving that reception 
signal and discriminating whether the reception signal is an AM signal or an FM 
signal among the analog modulation type (2 in Fig.2). 

The automatic modulation type discrimination apparatus further includes 
a linear modulation type discrimination circuit for, in case where the reception 
signal is discriminated to be the linear modulation type by the digital modulation 
type, receiving that reception signal and discriminating whether the reception 
signal is a BPSK signal, a QPSK signal, a n/4 shift QPSK signal, an 8-PSK 
signal, an M-ary PSK signal of multi-level exceeding 8-levels, a 16 QAM signal or 
an M-ary QAM signal of multilevel exceeding 16-levels among the linear 
modulation type by the digital modulation type (3 in Fig.S). 

The automatic modulation type discrimination apparatus further includes 
also a non-linear modulation type discrimination circuit for, in case where the 
reception signal is discriminated to he The non-linear modulation type by the 
digital modulation type, receiving that reception signal and discriminating whether 
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the reception signal is an M-ary FSK signal of multi-level exceeding 2-levels, a 2- 
FSK signal, an MSK signal or a GMSK signal among the non-linear modulation 
type by digital modulation type (4 in Fig. 5). 

According to another aspect of the present invention, an automatic 
modulation type discrimination system having the automatic modulation type 
discrimination apparatus mentioned above is provided. The automatic 
modulation type discrimination apparatus is realized by a DSP (Digital Signal 
Processor)/CPU (Central Processing Unit) operated in compliance with a 
previously stored program. The automatic modulation type discrimination 
system includes an ADC (Analog Digital Converter) for quantizing an analog 
reception signal of intermediate frequency to a digital signal, and an HBF (Half 
Band Filter) for performing an orthogonal transformation processing for 
transforming the quantized signal of intermediate frequency to a complex signal 
of a base band zone, an LPF (Low Pass Filter) processing and a thinning 
processing of 2 (two). The automatic modulation type discrimination system 
further includes an NCO type oscillator module for compensating an error of 
synchronous frequency, a buffer for temporarily storing the reception data and 
smoothly giving the reception data to the DSP/CPU, a clock signal generator, and 
a PLD (Programmable Logic Device) for internally frequency-dividing a clock 
signal from the clock signal generator and supplying It to each element. 

According to further aspect of the present invention, there is provided an 
automatic modulation type discrimination method for receiving a reception signal 
having unknown communication elements and discriminating a modulation type 
of the reception signal, characterized in that 3 predetermined characteristic is 
extracted from the reception signal and analyzed and thereby it is discriminated 
whether the modulation type of the reception signal is an analog modulation type 
or a digital modulation type. 

According to a still further aspect of the present invention, an automatic 
modulation type discrimination method Tor receiving a reception signal having 
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unknown communication elements and discriminating a modulation type of the 
reception signal is provided. The automatic modulation type discrimination 
method Includes a first step for performing, for the reception signal, a 
predetermined characteristic extraction and analysis processing. In a second 
step, on the basis of the extracted characteristic and analysis result, it is 
determined whether the reception signal is the analog modulation type, the linear 
modulation type by digital modulation type, or the non-linear modulation type by 
digital modulation type. In a third step, in case where in the second step the 
reception signal is determined to be one by the analog modulation type, a 
preselected characteristic extraction and analysis processing is performed for the 
reception signal. In a fourth step, on the basis of the characteristic and analysis 
result extracted in the third step, it is determined whether the reception signal is 
Q the AM signal or the FM signal. In a fifth step, in case where in the fourth step 

|% the reception signal is determined to be neither the AM signal nor the FM signal, 

IJ1 that is, unknown signal, a backtracking processing is performed. In a sixth step, 

\j In case where in the second step the reception signal is determined to be the 

;^ 5 linear modulation type by the digital modulation type, a re-sampling processing 

s including an extraction of a symbol clock and an extraction of a signal symbol is 

Jf performed for the reception signal. In a seventh step, a symbol vector radius is 

M computed on the basis of a re-sampling processing result and, further, a 

.p characteristic of its amplitude distribution is extracted. In an eighth step, on the 

Cl basis of the extracted characteristic of the amplitude distribution, it is determined 

whether the reception signal is a 16 QAM signal and an M-ary QAM signal of 
multi-level exceeding 16-levels or a signal other than the former signals. In a 
* ninth step, in case where in the eighth step the reception signal is determined to 
be a linear modulating signal other than the 16 QAM signal and the M-ary QAM 
signal, a modulation type is assumed and an assumed carrier wave 
synchronization processing Is performed. In a tenth step, from a processing 
result obtained by The ninth step, amplitude distributions of a signal symbol of 



r 



I 



9- 9: 2:04 !ffi-!SS8St*8ifi 



OSTP.OLENK 



:S1335Q30250 



11 



(odd number)-th and a signal symbol of (even number)-th are extracted. In an 
eleventh step, on the basis of the amplitude distributions extracted in the tenth 
step, it is detemnined whether the reception signal is a BPSK signal, a QPSK 
signal, a 7t/4-shift QPSK signal, an 8-PSK signal or an M-ary PKS signal of multi- 
level exceeding 8-levels. In a twelfth step, in case where in the eleventh step the 
reception signal is determined to be an unknown signal other than the BPSK 
signal, the QPSK signal, the wM-shift QPSK signal, the 8-PSK signal and the M- 
ary PKS signal, a backtracking processing is performed. In a thirteenth step, in 
case where in the second step the reception signal is determined to be the non- 
linear modulation type by the digital modulation type, an FM detection, a symbol 
clock extraction and a re-sampling processing are performed. In a fourteenth 
step, from a signal re-sampled in the thirteenth step, an amplitude distribution 
extraction processing for a multi-level number determination in the non-linear 
modulation type is performed. In.a fifteenth step, by performing the multi-level 
number determination on the basis of the amplitude distribution extracted in the 
fourteenth step, it is determined whether the reception signal is an M-ary FSK 
signal of multi-level exceeding 2-levels or a signal other than the former signal. 
In a sixteenth step, in case where in the fifteenth step the reception signal is 
determined to be the signal other than the M-ary FSK signal, a modulation Index 
of the reception signal Is detected on the basis of a symbol clock extracted in the 
thirteenth step. In a seventeenth step, on the basis of the modulation index 
detected in the sixteenth step, it is determined whether the reception signal is a 
2-FSK signal or a signal other than the former signal. In an eighteenth step, in 
case where in the seventeenth step the reception signal is determined to be the 
signal other than the 2-FSK signal, an intersymbol interference in a time axis and 
an intersymbol interference in a frequency axis are analyzed. In a nineteenth 
step, by an analysis result in the eighteenth step, it is determined whether the 
reception signal is an MSK signal, a GMSK signal or an unknown signal. In a 
twentieth step. In case where in the nineteenth step the reception signal is 
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determined to be the unknown signal, a backtracking processing is performed. 

According to yet further aspect of the present invention, a recording 
medium In which a program for causing a compute? to implement the aforesaid 
first to twentieth steps has been recorded is provided. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a block diagram showing one example of a conventional 
reception signal modulation type discrimination circuit; 

Figs.2Ato 2C are waveform views for explaining an operation of the 
reception signal modulation type discrimination circuit of Fig.1, in which a case of 
a reception signal of a desired modulation type is received; 

Figs.3Ato 3C are waveform views for explaining the'operation of the 
reception signal modulation type discrimination circuit of Fig.1, in which a case of 
the reception signal different from the desired modulation type is received; 

Fig.4 is a block diagram showing a constitution of another example of 
the conventional reception signal modulation type discrimination circuit; 

Fig. 5 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to a first embodiment of the 
present invention; 

Fig. 6 is a waveform view for explaining a setting in which an influence on 
a fading characteristic of the automatic modulation type discrimination apparatus 
shown in Fig. 5 is taken into consideration; 

Fig. 7 is a view showing an algorithm for an analog/digital modulation 
type discrimination in the automatic modulation type discrimination apparatus 
shown in Fig. 5; 

Figs.8Ato 8C are views for explaining algorithms for the analog/digital 
modulation type discrimination by spectrum shapes of the automatic modulation 
type discrimination apparatus shown in Fig. 5; 
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Fig.9 is a view showing an algorithm for an analog modulation type 
discrimination of the automatic modulation type discrimination apparatus shown 
in Fig. 5; 

Figs. 1 0A to 1 0E are views showing signal symbols of a linear modulation 
type among the reception signals inputted to the automatic modulation type 
discrimination apparatus shown in Fig.5; 

Figs.11 A and 11 B are views showing probability distributions of signal 
generation with respect to symbol vector radiuses of a 16 QAM signal and a 64 
QAM signal among the reception signals inputted to the automatic modulation 
type discrimination apparatus shown in Fig.5; 

Figs. 12A and 12B are views showing symbol convergence position 
characteristics for every one symbol time of a n/4-shift QPSK signal and an 8- 
PSK signal among the reception signals inputted to the automatic modulation 
type discrimination apparatus shown in Tig. 5; 

Figs. 13A and 13B are views showing amplitude distributions for every 
one symbol time of the Tt/4-shift QPSK signal and the 8-PSK signal among the 
reception signals inputted to the automatic modulation type discrimination 
apparatus shown in Fig.5; 

Figs.14A and 14B are views showing FM detection output examples with 
respect to a signal of a non-linear modulation type among the reception signals 
inputted to the automatic modulation type discrimination apparatus shown in 
Fig.5; 

Fig. 15 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to a second embodiment of 
the present invention; 

Fig. 16 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to a third embodiment of the 
present Invention; 
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Fig. 17 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to a fourth embodiment of the 
present Invention; 

Fig. 18 Is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to a fifth embodiment of the 
present invention; 

Fig. 19 is a block diagram showing a constitution of an automatic 
modulation type discrimination system using the automatic modulation type 
discrimination apparatus according to the present invention; 

Fig. 20 is a flowchart diagram for explaining a flow of automatic 
modulation type discrimination processing operations according to the present 
invention; 

Fig.21 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according.to a sixth embodiment of the 
present invention; 

Fig.22 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to a seventh embodiment of 
the present invention; 

Fig.23 is a view showing amplitude distribution characteristics of the 
symbol vector radius of the reception signal before a re-sampling in order to 
explain operations of a modulation type determination circuit in a linear 
modulation type discrimination circuit of Fig.22; 

Fig. 24 is a view showing amplitude distribution characteristics of the 
symbol vector radius of the reception signal before the re-sampling in order to 
explain operations of the modulation type determination circuit in the linear 
modulation type discrimination circuit of Fig.22; 

Fig.25 is a block diagram showing a constitution of an automatic 
modulation type discrimination apparatus according to an eighth embodiment of 
the present invention; and 
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Fig.26 is a flowchart diagram for explaining a flow of automatic 
modulation type discrimination processing operations according to the 
embodiment of Fig.25. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An automatic modulation lype discrimination apparatus according to a 
first embodiment of the present invention is explained by referring lo Fig. 5. The 
automatic modulation type discrimination apparatus comprises an analog/digital 
modulation type discrimination circuit 1, an analog modulation type discrimination 
circuit 2, a linear modulation type discrimination circuit 3, and a non-linear 
modulation type discrimination circuit 4. 

The 3naIog/digital modulation type discrimination circuit 1 is a circuit for, 
when a reception signal having unknown communication elements is inputted, 
discriminating whether the reception signal is an analog modulation type or a 
digital modulation type. The reception signal having been discriminated to be 
the analog modulation type as a result of the discrimination in the analog/digital 
modulation type discrimination circuit 1 is inputted to the analog modulation type 
discrimination circuit 2. The analog modulation type discrimination circuit 2 is a 
circuit for discriminating whether the inputted signal is an AM (Amplitude 
Modulation) signal or an FM (Frequency Modulation) signal. 

The reception signal having been discriminated to be the linear 
modulation type of digital modulation type in the analog/digital modulation type 
discrimination circuit 1 is inputted to the linear modulation type discrimination 
circuit 3. The linear modulation type discrimination circuit 3 is a circuit for 
discriminating whether the inputted reception signal is a BPSK (Binary Phase 
Shift Keying) signal, a QPSK (Quadrature Phase Shift Keying) signal, a x/4-ehift 
QPSK signal, an 8-PSK signal, an M-ary PKS (M-ary Phase Shift Keying) signal 
of multi-level exceeding 8-levels (where, M is a positive integer), a 16 QAM 
(Quadrature Amplitude Modulation) signal or an M-ary QAM (M-ary Quadrature 
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Amplitude Modulation) signal of multi-level exceeding 16-levels. 

On the other hand, the reception signal having been discriminated to be 
the non-linear modulation type of digital modulation type in the analog/digital 
modulation type discrimination circuit 1 is inputted to the non-linear modulation 
type discrimination circuit 4. The non-linear modulation type discrimination 
circuit 4 is a circuit for discriminating whether the inputted reception signal Is an 
M-ary FSK (M-ary Frequency Shift Keying) signal of multi-level exceeding ?- 
levels, a 2-FSK (Frequency Shift Keying) signal, an MSK (Minimum Shift Keying) 
signal or a GMSK (Gaussian Filtered Minimum Shift Keying) signal. 

The analog/digital modulation type discrimination circuit 1 includes an 
envelope detection circuit (first envelope detection portion) 11 and an envelope 
fluctuation determination circuit (first envelope fluctuation determination portion) 

12. The envelope detection circuit 11 is a circuit for extracting an envelope from 
!h e reception signal. The envelope fluctuation determination circuit 1 2 is a circuit 
for, after integrating the extracted envelope for a specified time, computing an 
average value thereof and extracting an envelope fluctuation characteristic. 

The analog/digital modulation type discrimination circuit 1 furthei 
includes a symbol clock extraction circuit (first symbol clock extraction portion) 14. 
a symbol clock determination circuit 15, and a spectrum analysis circuit (first 
spectrum analysis portion) 16. The symbol clock extraction circuit 14 extracts a 
symbol clock from the reception signal. The symbol clock determination circuit 15 
determines an existence/nonexistence of the symbol clock from an output of the 
symbol clock extraction circuit 14. The spectrum analysis circuit 16 extracts a 
spectrum of the reception signal and analyzes a characteristic thereof (for 
example, a spectrum shape). 

The analog/digital modulation type discrimination circuit 1 further has a 
modulation type determination circuit (first modulation type determination portion) 

1 3. By means of a characteristic extraction result of the reception signal by the 
envelope fluctuation determination circuit 12 and the symbol clock determination 
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circuit 15 and of an analysis result of the reception signal by the spectrum 
analysis circuit 16, the modulation type determination circuit 13 discriminates 
whether the reception signal is the analog modulation type, the linear modulation 
type of digital modulation type or the non-linear modulation type of digital 
modulation type, and sorts them. 

Incidentally, the symbol clock extraction circuit 14 has a function of 
extracting the symbol clock of the linear modulation type by digital modulation 
type and a function of extracting the symbol clock of the non-linear modulation 
type by digital modulation type. 

The reception signal discriminated to be the analog modulation type in 
the analog/digital modulation type discrimination circuit 1 is inputted to the analog 
modulation typo discrimination circuit 2, The analog modulation type 
discrimination circuit 2 includes a carrier wave extraction circuit 21, a side band 
spectrum detection circuit 22, and a signal band detection circuit 23. The carrier 
wave extraction circuit 21 extracts a carrier wave of the inputted reception signal. 
The side band spectrum detection circuit 22 detects a symmetric property of a 
side band spectrum of a spectrum of the inputted reception signal. The signal 
band detection circuit 23 detecls a signal band of the inputted reception signal 
and analyzes a spectrum shape of the reception signal. 

The analog modulation type discrimination circuit 2 further Includes an 
envelope detection circuit (second envelope detection portion) 26 for determining 
whether or not an envelope fluctuation of the inputted reception signal is a 
constant envelope, and an envelope fluctuation determination circuit (second 
envelope fluctuation determination portion) 27. The analog modulation type 
discrimination circuit 2 further includes a modulation type determination circuit 
(second modulation type determination portion) 24. From a characteristic 
extraction and an analysis result of the reception signal from the carrier wave 
extraction circuit 21, the side band spectrum detection circuit 22 and the signal 
band detection circuit 23, the modulation type determination circuit 24 
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discriminates whether the reception signal is an AM modulation type, an FM 
modulation type or an unknown (unclear) signal not capable of being as either the 
former ones. 

The analog modulation type discrimination circuit 2 further has a 
backtracking circuit (first backtracking portion) 25. The backtracking circuit 25 is 
a circuit for storing a branch point (branch) of each determination control 
processing at each portion mentioned above and, in case where the unknown 
signal is inputted, switching the unknown signal such that a processing for 
discriminating the different modulation type is performed again by returning to that 
branch point. 

Here, when the unknown signal is returned to the branch point of the 
determination processing, in case where there are plural candidates, the 

El 

if j backtracking circuit 25 computes a candidate having a highest possibility from a 

|j= result obtained by the modulation type discrimination processing until that point of 

Jj time, and performs a switching of the processing circuit (branch) for the unknown 

gi signal. 

The reception signal by the linear modulation type among the digital 
P modulation type discriminated in the analog/digital modulation type discrimination 

rf circuit t is inputted to the linear modulation type discrimination circuit 3, The 

^ linear modulation type discrimination circuit 3 includes a symbol clock extraction 

il circuit (second symbol clock extraction portion) 31 , a re-sampling circuit (first re- 

sampling portion) 32, an amplitude distribution extraction circuit (first amplitude 
distribution extraction portion) 33, and a modulation type determination circuit 
(third modulation type determination portion) 34. The symbol clock extraction 
circuit 31 regenerates and extracts the symbol clock from the inputted reception 
signal. The re-sampling circuit 32 re-samples the reception signal on the basis 
of the extracted symbol clock, and extracts an information-superimposed signal 
symbol. The amplitude distribution extraction circuit 33 computes a symbol 
vector radius, and extracts Its amplitude distribution. The modulation type 
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determination circuit 34 discriminates the 16 QAM signal and the M-ary QAM 
signal of multi-level exceeding 16-levels from the signal other than the former 
signals on the basis of the result being outputted from the amplitude distribution 
extraction circuit 33, and sorts a discrimination result. 

The linear modulation type discrimination circuit 3 further includes an 
assumed carrier wave synchronization processing circuit 35, an amplitude 
distribution extraction circuit (second amplitude distribution extraction portion) 36, 
a modulation type determination circuit (fourth modulation type determination 
portion) 37, and a backtracking circuit (second backtracking portion) 38. A signal 
discriminated to be a signal other than the 16 QAM signal and the M-ary QAM 
signal is inputted to the assumed carrier wave synchronization processing circuit 
35. The assumed carrier wave synchronization processing circuit 35 realizes a 
carrier wave synchronization processing by assuming the modulation type of the 
inputted signal. The amplitude distribution extraction circuit 36 extracts 
amplitude distributions of the signal symbol of (odd number)-th and the signal 
symbol of (even number)-th. From a convergence position of the signal symbol 
after the assumed carrier wave synchronization processing, a number of 
convergence points and an amplitude distribution for every one symbol, the 
modulation type determination circuit 37 discriminates whether the modulation 
type of the signal Is the BPSK, the QPSK, the rc/4-shlft QPSK, the 8-PSK, the M- 
ary PSK of multi-level exceeding 8-levels or an unknown signal not corresponding 
to the former ones. "I he backtracking circuit 38 stores a branch point (branch) of 
each determination processing at the modulation type determination circuit 37 
and, in case where the unknown signal is inputted, switches the signal such that a 
processing for discriminating the different modulation type is performed again by 
returning to that branch point 

A signal discriminated to be the non-linear modulation type of digital 
modulation type is inputted to the non-linear modulation type discrimination circuit 
4 from the analog/diyilal modulation type discrimination circuit 1. The nurHineai 
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modulation type discrimination circuit 4 includes an FM detection circuit ^1 1 , a 
symbol clock extraction circuit (third symbol clock extraction portion) 45, a re- 
sampling circuil (second re-sampling portion) 42, an amplitude distribution 
extraction circuit (fourth amplitude distribution extraction portion) 43, and a 
modulation type determination circuit (fifth modulation type determination portion) 
44. The FM defection circuit 41 performs an FM detection processing for the 
inputted signal. The symbol clock extraction circuit 45 regenerates and extracts 
the symbol clock from an output of the FM detection circuit 41 , The re-sampling 
circuit 42 performs a re-sampling processing of the inputted signal on the basis of 
the extracted symbol clock. The amplitude distribution extraction circuit 43 
extracts an amplitude distribution for a multi-level number determination in the 
non-linear modulation type, from the re sampled signal The modulation type 
'% determination circuit 44 performs the multi-level number determination on the 

31 basis of the result being extracted from the amplitude distribution extract circuit 43, 

j{ discriminates the M-ary FSK signal (where, M > 3) from a signal other than the 

^ former signal, and sorts them. 

Ij The non-linear modulation type discrimination circuit 4 further includes a 

^ modulation index detection circuit 46 and a modulation type determination circuit 

m (sixth modulation type determination portion) 47. For a signal discriminated to 

^ be a signal other than the M-ary FSK signal, the modulation index detection circuit 

46 detects a modulation index of the inputted signal on the basis of the symbol 
clock extracted in the symbol clock extraction circuit 45. "I he modulation type 
determination circuit 47 discriminates between the 2-FSK signal and a signal 
other than the former signal from the detected modulation index, and sorts them. 

The non-linear modulation type discrimination circuit 4 further has an 
intersymbol interference analysis circuit 48, a spectrum analysis circuit (second 
spectrum analysis portion) 49, a modulation type determination circuit (seventh 
modulation type determination portion) 50. and a backtracking circuit (third 
backtracking portion) 51 . The Intersymbol Interference analysis circuit 48 
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analyzes an intersymbol interference in time axis of a signal discriminated to be a 
signal of the modulation type other than the M-ary FSK. The spectrum analysis 
circuit 49 performs a spectrum analysis of the above signal, and analyzes the 
intersymbol interference in frequency axis. On the basis of a characteristic 
extraction and an analysis result from the intersymbol interference analysis circuit 
48 and the spectrum analysis circuit 49, the modulation type determination circuit 
50 discriminates the MSK signal and the GMSK signal from an unknown (unclear) 
signal not capable of being determined as either of the former signals, and sorts 
them. The backtracking circuit 51 stores a branch point (branch) of each 
determination processing at the modulation type determination circuit 50 and, in 
case where the unknown signal is inputted, switches the unknown signal such 
that a processing for discriminating the different modulation type is performed 
again by returning to that branch point. 
!i Incidentally, as mentioned before, when the unknown signal is returned 

lo the point of the determination processing, in case where there are plural 
candidates, the backtracking circuit 51 computes a candidate having a highest 
possibility from a result obtained by the modulation type discrimination processing 
until that point of time, and performs a switching of the processing circuit (branch) 
A for the unknown signal. 

Next, an operation of the discrimination apparatus according to this 
O embodiment is detailedly explained by referring to Fig.5 to Fig. 7, Figs. 8A to 8C, 

Fig.10, Figs. 11 A, 11B, Fig$.12A, 12B, Figs.13A, 13B, andFigs.14A, UB. The 
reception signal is inputted to the envelope detection circuit 11, and an envelope 
(amplitude level) Xj of the reception signal is computed in the envelope detection 
circuit 11 . Supposing that an in-phase channel is I and an orthogonal channel Q, 
this is expressed like an equation (1 ) recited below: 

XJ = (|2 + Q2)1/2 (1) 
where j is a variable of time, and Xj denotes the envelope of the reception signal 
in a certain time j. 
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The envelope fluctuation determination circuit 12 observes the envelope 
XJ for a specified time and finds an average value ji and a standard deviation c of 
the envelope. These are expressed like equations (2) and (3) recited below. 



An envelope fluctuation characteristic of the reception signal can be 
extracted by o/\i which is a ratio between the average value ji and the standard 
deviation a. In case where the reception signal is a signal of the linear 
modulation type system, the a/ji is not equal to 0. and it follows that there is an 
envelope fluctuation. On the other hand, in case where the reception signal is a 
signal of the non-linear modulation type system, the at\i becomes approximately 
equal to 0, and it follows that there is no envelope fluctuation. 

Here, at a radin wave propagation time, there is possibility that the 
reception signal is subjected to an influence of fading. In the present invention, 
this influence is also studied and dealt with. Concretely, it is supposed that a 
communication device is moving, and assumed that a carrier wave frequency is 
1 .5 GHz and a moving speed of the communication device 50 km/h. In this case, 
a fading pitch of a reception device becomes 69 Hz, and a fluctuation in reception 
intensity , i.e., fluctuation in envelope, of about 70 times per 1 second occurs. 
However, if a PHS (Personal Handy Phone System) is taken as an example, its 
modulation type Is a Ti/4-shlft DQPSK by linear modulation type (envelope 
fluctuation exists), a modulation speed is 192 ksymbol/s. and an envelope 
fluctuation is repeated at a speed of about 3000 times the fading pitch. As 
shown in Fig. 6, in the present invention, by shortening a time t of data used in the 
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modulation type discrimination, the influence by the fading is reduced. This time 
t is a value of a degree capable of being neglected in comparison with the fading 
pitch. Further also in case of the non-linear modulation type (constant envelope 
modulation type), similarly the influence of the fading can he reduced. That is, 
by using the data of short time, an influence when determining an 
existence/nonexistence of the envelope fluctuation is deleted. 

In the symbol clock extraction circuit 14, a symbol clock extraction 
processing with respect to both modulation types of the linear modulation type 
(BPSK, QPSK, 7t/4-shift QPSK, 8-PSK, M-ary PSK, 16QAM, M-ary QAM) and the 
non-linear modulation type (M-ary FSK, 2-FSK, MSK, GMSK) of digital 
modulation type are performed for the reception signal. A symbol clock 
extraction result is inputted to the symbol clock determination circuit 15. On the 
basis of the symbol clock extraction result, the symbol clock determination circuit 
01 15 determines an existence/nonexistence of the symbol' clock. 

Ml 

Ji Here. In case of the digital modulation type, the symbol clock necessarily 

y exists, and a value (constant value) complying with the symbol speed is obtained 

feF = 

%i by the symbol clock extraction processing. On the other hand, in case of the 

^ analog modulation type, the symbol dock does not exist, and an output of the 

2] symbol clock extraction circuit 14 greatly fluctuates in its value with an elapse of 

li time. This is because a signal outputted as the symbol clock is influenced by an 

y analog signal itself such as voice, which is a source signal. From a distribution 

characteristic of the symbol clock, the symbol clock determination circuit 1 5 
determines an existence/nonexistence of the symbol dock. 

In the spectrum analysis circuit 16, a spectrum shape of a modulating 
signal before being demodulated is analyzed. The spectrum shape has an 
inherent characteristic for every modulation type, so that an analysis of the 
modulation type determination is possible from the spectrum shape. In the 
modulation type determination circuit 13, on the basis of plural characteristics 
extraction result of the envelope fluctuation extraction circuit 12, the symbol clock 
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detenninafion circuit 15 and the spectrum analysis circuit 16, the analog 
modulation type is discriminated from the linear modulation type and the non- 
linear modulation type by digital modulation type. The modulation type 
determination circuit 13 respectively outputs a signal of the analog modulation 
type to the analog modulation type discrimination circuit 2, a signal of the linear 
modulation type by digital modulation type to the linear modulation type 
discrimination circuit 3, and a signal of the non-linear modulation type by digital 
modulation type to the non-linear modulation type discrimination circuit 4. 

Concretely, the modulation type determination circuit 13 performs the 
discrimination by collating the extracted characteristic of the reception signal with 
characteristics possessed by the modulating signal as shown in Fig. 7. First, the 
discrimination between the analog modulation type and the digital modulation 
^ type (including the linear modulation type and the non-linear modulation type) is 

gi possible by an existence/nonexistence of the symbol clock. That is, it is 

^ discriminated as the analog modulation type in case where no symbol clock exists, 

vj and as the digital modulation type in case where the symbol clock exists. As 

55 mentioned before, this is because in the digital modulation type the modulation of 

£ _ information signal is performed tuning with a specified symbol clock timing, 

jj Secondly, by observing the envelope fluctuation of the reception signal, 

^ it is possible to discriminate the linear modulation type from the non-linear 

Q modulation type. The linear modulation type has a characteristic that its 

ess, 

u envelope fluctuates, and AM, BPSK, QPSK, Tt/4-shift QPSK, M-ary PSK, 16QAM, 

M-ary QAM correspond to this. On the other hand, the non-linear modulation 
type has a characteristic that its envelope is constant, and M-ary FSK, 2-FSK, 
MSK, GMSK correspond to this. Accordingly, by analyzing the envelope 
fluctuation, the discrimination between the linear modulation type and the non- 
linear modulation type is possible. 

Thirdly, by the spectrum shape of the reception signal, the discrimination 
between the AM modulation type, the linear modulation type and the non-linear 
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modulation type is possible. For example, as shown in Fig.SA, the AM modulation 
type has a characteristic that it has a carrier wave spectrum and two side band 
spectrums symmetrical with respect to the carrier wave spectrum. On the other 
hand, as shown in Flg.BB. the linear modulation type has a characteristic that a 
signal band has a limited band limitation type spectrum and the spectrum sharply 
attenuates. While, as shown in Fig.8C, the non-linear modulation type has, 
different from the characteristic of the linear modulation type, a characteristic that 
the spectrum slowly attenuates accompanying with a detuning of frequency. 

On the basis of such characteristics as mentioned above, the modulation 
type determination circuit 13 discriminates whether the reception signal is the 
analog modulation type, the linear modulation type of digital modulation type or 
the non-linear modulation type of digital modulation type, and outputs the 
^ reception signal to a next stage corresponding to a discrimination result. As 

01 mentioned above, the modulation type determination circuit 1 3 has, as one of its 

% characteristics, a characteristic that the determination of the modulation type is 

H performed at high accuracy by using the extraction result of plural characteristics 

y obtained from the reception signal. Further, the modulation type determination 

^ circuit 13 is adapted such that a test using a test signal is previously performed for 

the extraction result of plural characteristics and, from a result of this test, the 
^ discrimination of the modulation type is performed by adding a weight coefficient 

P for improving a discrimination accuracy of the modulation type to the extraction 

result of plural characteristics. 

Next, the reception signal discriminated by the modulation type 
determination circuit 13 is inputted to any one of the analog modulation type 
discrimination circuit 2, the linear modulation type discrimination circuit 3 and the 
non-linear modulation type discrimination circuit 4. 

In case where the reception signal is discriminated to be the analog 
modulation type, the reception signal Is inputted to the analog modulation type 
discrimination circuit 2, and the discrimination between an AM signal and an FM 
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signal is performed. A discrimination processing is performed by extracting 
characteristics, shown in Fig.9, possessed by the AM signal and the FM signal. 
Concretely, in case where a short time spectrum waveform of the AM signal is 
compared with that of the FM signal, the AM signal has a carrier wave component, 
and further has symmetrical two side band spectrums. On the other hand, the 
FM signal has an asymmetrical spectrum. Further, generally a signal band width 
is narrower in the AM signal than in the KM signal. This is because a band width 
of information signal directly becomes the signal band width since the AM signal 
is the modulation type in which the modulation is directly performed by the 
information signal. That is, the AM signal is different from the FM signal in which 
the frequency modulation is performed with the information signal being made an 
input signal of VCO (Voltage Control Oscillator). 

For reference, although an equation for computing a spectrum waveform 
of the FM signal is expressed as an equation (4) recited below, generally the FM 
signal has an infinite frequency by a first kind Dessel function of n order: 

fpw (0 = Vc J 0 (m f ) sin co c I 

-Vc Jt (m,)cos (co c ± w m ) t 
- Vc J 2 (m,) cos (o e ± 2o)Jt 

(4) 

where Jn (mf) is the first kind Bessel function of n order, mf a modulation index, 
com an angular frequency of information signal, and coc a carrier wave 
frequency. 

Besides, as to an envelope fluctuation characteristic, the envelope 
fluctuates depending on the information signal in the AM signal, while it is a 
constant envelope having no envelope fluctuation in the FM signal. 

In order to extract these characteristics, first, an existence/nonexistence 
of the carrier wave component of an input signal is detected by the carrier wave 
extraction circuit 21 . Secondly, as to the input signal, a symmetric property in 
positive/negative both directions with the carrier wave frequency being made a 
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center is detected by Ihe side band spectrum detection circuit 22. Thirdly, by the 
signal band detection circuit 23. a signal band width of the input signal is detected, 
and further a diffusion degree of the signal spectrum is detected. Here, as 
shown in Fig. 9, in the am signal the spectrum Is concentrated to a vicinity of the 
carrier wave, while in the FM signal a diffusion spectrum having an occupied band 
of wide band is obtained. From such a viewpoint, the signal band detection 
circuit 23 determines whether or not the signal spectrum is the diffusion spectrum. 
Fourthly, the envelope detection circuit 26 and the envelope fluctuation 
determination circuit 27 are the same as the envelope detection circuit 11 and the 
envelope fluctuation determination circuit 12 in the analog/digital modulation type 
discrimination circuit 1 and, after detecting an envelope of the input signal, detect 
an existence/nonexistence of the envelope fluctuation by finding a fluctuation of 
that envelope. 

The modulation type determination circuit 24 compares plural 
characteristics extraction result obtained from the input signal with an algorithm 
shown in Fig.9, and discriminates whether the Input signal is the AM signal, the 
f-M signal or an unknown (unclear) signal not capable of being discriminated 
either of the former signals. Here, similarly to the modulation type determination 
circuit 13 in the analog/digital modulation type discrimination circuit 1, the 
modulation type determination circuit 24 improves a discrimination accuracy by 
using plural determination parameters, and is adapted such that a further 
improvement in the discrimination accuracy is intended by performing a weighting 
processing for the plural characteristics extraction result inputted to the 
modulation type determination circuit 24. Incidentally, a weighting coefficient is 
found from a result previously adjusted so as to optimally operate in the test using 
the test signal. As to the reception signal discriminated as the AM modulation 
type or the FM modulation type, a discrimination result thereof is outputted. 

On the other hand, the signal discriminated as unknown is inputted to 
the backtracking circuit 25, the backtracking circuit 25 has stored the aforesaid 
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branch point (branch) of each determination processing and, in case where the 
unknown signal is inputted, switches the signal such that a processing for a 
different modulation type discrimination is perfomned again by returning to that 
branch point. Here, when the unknown signal is returned to the point of the 
determination processing by the backtracking circuit 25, in case where there are 
plural candidates, a candidate having a highest possibility Is computed from a 
result obtained by the modulation type discrimination processing until that point of 
time, and the unknown signal is switched. Concretely, for the reception signal 
which cannot be discriminated in the analog modulation discrimination processing, 
the reception signal is switched to the linear modulation type discrimination circuit 
3 or the non-linear modulation type discrimination circuit A, or the analog/digital 
modulation discrimination processing is performed again in the analog/digital 
modulation type discrimination circuit 1. 

The reception signal discriminated as the linear modulation type of 
digital modulation type in the analog/digital modulation type discrimination circuit 
1 is inputted to the linear modulation type discrimination circuit 3. Mere, first, a 
symbol clock of the reception signal is extracted in the symbol clock extraction 
circuit 31 . On the basis of the symbol clock extracted in the symbol clock 
extraction circuit 31, the resampling circuit 32 performs a re-sampling processing 
ot the reception signal and extracts a signal (information) symbol. The symbol 
signal generates a symbol rotation of the signal because a carrier synchronous 
processing is not performed, but the extracted signal has such a convergence 
characteristic inherent to the modulation type as shown in Figs. 1 0A to 10E. 

That is, as shown in Fig. 1 0A to Fig.lOD, as to each of the BPSK signal, 
the QPSK signal, the 7i/4-$hift QPSK signal and the O-PSK signal, the signal 
symbol is converged on a single circumference. Here, although the M-ary PSK 
signal shows the PSK signal of multi-level exceeding 8-levels, the fact that its 
symbol Is converged on the single circumference is the same. Contrary to this, 
as shown in Fig.lOE, as to the 16 OAM signal, the signal symbol is converged on 
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different three circumferences. Further, a symbol vector radius amplitude 
distribution probability P(x) of the 16 QAM signal becomes, as shown In Fig. 11 A, 
1 : '? : 1 if symbol vector radiuses are assumed to be y 1 . y ? and y 3 in the 
order from shorter one. Accordingly, by means ot measuring the symbol vector 
radius from a signal origin while using an output of the re-sampling circuit 32 by 
the amplitude distribution extraction circuit 33, and further analyzing a number of 
the symbol vector radiuses and its amplitude distribution probability in the 
modulation type determination circuit 34, the 16 QAM signal can be discriminated 
from a signal other than it Here, for the M-ary QAM signal exceeding 16-levels, 
if M - 64 is considered as an example, the symbol vector radius amplitude 
distribution probability P(x) of a re-sampling wave becomes Fig. 11 B. 

Here, as apparent also from Fig.11A and Fig. 11 B, as to the QAM signal, 
owing to its multi-level number, the number and the amplitude ratio of the symbol 
vector radiuses and the amplitude distribution probability are different. 
Concretely, as mentioned before, as to the 16 QAM signal, the number of the 
symbol vector radiuses Is 3. Further if the symbol vector radiuses are assumed 
to be y 1 , y 2 and y 3 in the order from shorter one, ratios between these 
radiuses become yi: y2: y 3 = V2 : V10 : 3V2. Further, the amplitude 
distribution probability becomes P1(x) : P2(x) : P3(x) = 1 ; 2 ; 1 in the order from 
smaller one. On the other hand, as to the 64 QAM signal, ratios between the 
radiuses become y1: y2: y3: y4: r 5 : y6: y 7 : y 8 : y 9 = V2 : 
V10 : 3^2 : V26 : V34 : 5 V2 : V58 : V74 : 7 V2, and the amplitude distribution 
probability becomes P1(x) : P2(x) : P3(x) : P4(x) : P5(x) : P6(x) : P7(x) : P8(x) : 
P9(x) = 1 : 2 : 1 : 2 : 2 : 3 : 2 ; 2 ; 1 in the order from smaller one. That is, as to 
Ihe QAM signal, the characteristic is different owing to the multi-level number, so 
that its discrimination is possible. 

As to the reception signal discriminated as the 16 QAM signal and the 
M-ary QAM signal in the modulation type determination circuit 34, its 
discrimination result is outputted. On the other hand, the signal discriminated as 
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the modulation type other than the 16 QAM signal and the M-ary QAM signal is 
inputted to the assumed carrier wave synchronization processing circuit 35, As 
mentioned before, since the carrier wave synchronization processing is not 
performed to the inputted reception signal, a rotation is added to the signal 
symbol. Mere, as shown In Fig.lOA to Fig.lOE. in the linear modulation type, the 
convergence position and the number of the convergence points of the signal 
symbol after the carrier wave synchronization processing are different In 
compliance with the modulation type. Accordingly, if the signal rotation of the 
reception signal can be stopped by the carrier wave synchronization processing, 
the discrimination processing of the remained modulation type (BPSK, QPSK t 
7t/4-shift QSPK, 8-PKS, M-ary PSK) other than the 16 QAM and the M-ary QAM 
becomes possible. It is the assumed carrier wave synchronization processing 
circuit 35 that performs such carrier wave synchronization processing. 
Concretely, the assumed carrier wave synchronization processing circuit 35 
performs the carrier wave synchronization processing for the reception signal 
whose modulation type is unclear by assuming that the reception signal is a 
specified modulation type. 

Here, the carrier wave synchronization processing in this embodiment is 
characterized by the fact that, by assuming a signal whose multi-level number is 
highest, a carrier synchronization can be established also for another modulation 
type. As an example, in case where the maximum multi-level number Is made 8. 
it is assumed that the 8-PSK signal is received for the reception signal whose 
modulation type is unclear, and the carrier wave synchronization is established by 
performing the carrier wave synchronization processing. 

A principle thereof is detailedly explained by referring to Fig.lOA to 

Fig.lOE. 

As apparent from Fig.lOD, the convergence points of the 8-PSK signal 
include the convergence points of another modulation type (BPSK. QPSK, tx/4- 
shift QSPK) ' This means the fact that BPSK, QPSK, n/4-shift QSPK are a part 
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of the 8-PSK. In this embodiment, by paying attention to this characteristic, the 
carrier wave synchronization processing is made possible. That is, the 
synchronization processing is possible by the M-ary PSK signal of multi-level 
including the symbol convergence points of another modulation type. 

Owing to the characteristic mentioned above, as to the signal in which 
the carrier synchronization processing has been established by the assumed 
carrier wave synchronization processing circuit 35, the discrimination between the 
BPSK signal and the QPSK signal becomes possible from the signal symbol 
convergence position and its number. On the other hand, the convergence 
position and the number of the convergence points of the signal symbol in the 
Tr/4-shift QSPK signal and those in the 8-PSK signal are the same. However, if 
the signal symbol position at a certain time is made an (odd numbcr)-th and that 
at a point toward which the time transited is made an (even number)-th, in 
the7i/4-shift QSPK signal a number of the symbol convergence points capable of 
transiting for every one symbol of the signal symbol is 4 as shown in Fig.1 2A and, 
further, there is a characteristic that the symbol convergence position of the (odd 
number)-th is different from that of the (even number)-th. On the other hand, in 
the 8-PSK signal, a number of the symbol convergence points capable of 
transiting for every one symbol of the signal symbol is 8 as shown In Flg.12B and, 
further, there is no characteristic that the symbol convergence position of the (odd 
number)-th is different from that of the (even number)-th. Accordingly, it the 
signal after the carrier synchronization processing is parted to the (odd number)- 
th and the (even number)-th and their amplitude distribution characteristics are 
extracted, it becomes like Fig.13A and Fig.13B. Here, an axis of abscissas 
denotes a radian angle of the signal, and an axis of ordinates a generation 
probability of the signal. 

As mentioned before, in the Tc/4-shlft QSPK signal, the number of the 
signal symbol convergence points for every symbol of the (odd number)-th and 
the (even number)-th is 4 and, further, the convergence positions are different. 
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On the other hand, in the 8-PSK signal, it is understood that the number of the 
signal symbol convergence points for eveiy symbol of the (odd numbeO-th and 
the (even numberMh Is always 8 and the convergence positions are the same. 
By utilizing such characteristic?;, the discrimination between the*/4-shlft QSPK 
signal and the 8-PSK signal becomes possible. It is the amplitude distribution 
extraction circuit 36 that performs such a discrimination processing. The 
amplitude distribution extraction circuit 36 parts the signal symbol of the inputted 
reception signal to the (odd number)-th and the (even number)-th, and performs 
an amplitude distribution characteristic extraction processing for every one signal 
symbol. 

From such characteristic extraction and analysis result of the assumed 
synchronization processing circuit 35 and the amplitude distribution extraction 
circuit 36 on the basis of an algorithm as mentioned above, the modulation type 
determination circuit 37 discriminates whether the reception signal is BPSK, 
QPSK, 7t/4-shlft QSPK, 8-PSK and M-ary PSK of multi-level exceeding the last- 
mentioned one or an unknown (unclear) signal not corresponding to the former 
ones. Incidentally, on this occasion, similarly to the modulation type 
determination circuit 13 and the modulation type determination circuit 24 
mentioned before, in the modulation type determination circuit 37, a 
discrimination accuracy is improved by using plural determination parameters, 
and a further improvement in the discrimination accuracy is intended by 
performing a weighting processing for the plural characteristics extraction result 
inputted to the modulation type determination circuit 37. Incidentally, as 
mentioned before, a weighting coefficient is found also from a result previously 
adjusted so as to optimally operate in the test using the test signal. 

Here, the assumed synchronization processing in which, in the aforesaid 
case where the modulation type Is unclear, the modulation type is assumed by 
such a modulation type as including all of rhe signal symbol convergence points 
of a modulation type discrimination object, the carrier synchronization processing 
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is performed and, after stopping the signal rotation of the input signal, the 
modulation type is specified from the symbol convergence position and the 
number of the symbol convergence points, is one of the characteristics of this 
embodiment. Further, it is also a characteristic of this embodiment that the 
amplitude distribution characteristic is extracted for every one symbol, and the 
modulation type is discriminated from the symbol convergence position and the 
number of the symbol convergence points 

As to the reception signal discriminated as any one of 6PSK, QPSK 
n/4-shift QSPK, 8-PSK, M ary PSK in the modulation type determination circuit 37, 
its discrimination result is outputted. On the other hand, the signal discriminated 
as an unknown signal is inputted to the backtracking circuit 38. Similarly to the 
backtracking circuit 25, the backtracking circuit 38 has stored the branch point 
(branch) of each determination processing and, in case where the unknown 
signal is inputted, switches the input signal such that a different processing is 
performed again by returning to that branch point. Here, when the unknown 
signal is relumed to the point of the determination processing, in case where 
there are plural candidates, Ihe backtracking circuit 38 computes a candidate 
having a highest possibility from a result obtained by the modulation type 
discrimination processing until that point of time, and switches the unknown 
signal. 

The reception signal discriminated as the non-linear modulation type of 
digital modulation type by the analog/digital modulation type discrimination circuit 
1 is inputted to the non-linear modulation type discrimination circuit 4. For the 
inputted reception signal, an FM detection processing is first performed by the FM 
detection circuit 41 . Here, an output after the FM detection processing is a 
modulating (information) signal itself. In the non-linear modulation type, since 
the information signal is made an input signal and converted into a frequency 
Information generally by using a VCO, M (number) frequencies are used for the 
modulation in the M-ary FSK signal (where, M > 3), and 2 (two) frequencies are 
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used for the modulation in the 2-FSK signal, the MSK signal and the GMSK 
signal. 

In Fig.14A, there is shown an FM detection example of the modulating 
signal in which a rectangular signal of M-ary FSK is made the information signal. 
In Flg."14B, there is shown an FM detection example of the modulating signal in 
which a rectangular signal of 2-FSK, MSK is made the information signal. 
Apparently, it is understood that the number of the used frequencies Is different. 
Accordingly, as mentioned before, by finding the amplitude distribution of the FM 
detection output, it is possible to discriminate the M-ary FSK signal (M ^ 3) from a 
signal other than the former signal. 

Concretely, a symbol clock signal is extracted from the FM detection 
output signal by the symbol clock extraction circuit 45. The re-sampling circuit 
42 extracts a signal symbol from the input signal by using the symbol clock from 
the symbol clock extraction circuit 45. The amplitude distribution extraction 
circuit 43 finds a frequency from a phase deviation amount for every symbol from 
the extracted symbol, and extracts an amplitude distribution of a frequency signal 
thereof. In the modulation type determination circuit 44, a multi-level number is 
determined from the amplitude distribution extracted in the amplitude distribution 
extraction circuit 43, and the M-ary FSK signal (M > 3) is discriminated from a 
signal other than the former signal. As to the reception signal discriminated as 
the M-ary FSK signal, its discrimination result is outputted. 

On the other hand, the reception signal discriminated to be a signal of 
the modulation type other than M-ary FSK is inputted to the modulation index 
detection circuit 46. From the symbol clock (for example, T [symbol/s]) extracted 
in the symbol clock extraction circuit 45, a mark signal frequency fM and a 
frequency fS of a space signal obtained by the frequency analysis in the 
amplitude distribution circuit 43, the modulation index detection circuit 46 
computes a maximum modulation index h by an equation (5) recited below. 
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h= I f M -f s I /T (5) 

Here, generally the modulation index of the FSK signal is optional, but 
each of the MSK signal and the GMSK signal is a modulation type in which the 
modulation index is made small until h = 0.5 that is a limit of orthogonal condition 
of the signal. Accordingly, in the modulation type determination circuit 47, it is 
possible to discriminate the FSK signal from a signal other than the former signal 
by determining whether or not a value of the modulation index extracted by the 
modulation index detection circuit 46 is h = 0.5. As a result, as to the reception 
signal discriminated as the FSK signal, its discrimination result is outputted. 

On the other hand, the reception signal discriminated as a signal of the 
modulation type other than FSK is inputted to the intersymbol interference 
analysis circuit 48 and the spectrum analysis circuit 49. The intersymbol 
interference analysis circuit 48 determines whether or not the reception signal is 
the GMSK signal by detecting an exislence/nonexistence of intersymbol 
Interference of the reception signal in time axis. Concretely, in the GMSK signal, 
since the spectrum of an NRZ code which is the information signal is reshaped to 
a spectrum of Gaussian distribution shape function by using Gaussian filter, the 
signal symbol at a certain point of time is subjected to the Intersymbol 
interference by the signal symbol in a past of the certain point of time and in a 
future of that point of time. 

Here, an impulse response h(t) of the Gaussian filter is found by an 
equation (6) recited below. 

h(t) = -2L e" a 1 (6) 

V7T 

where a = ic]-r~~ 
Vln2 

Bb is 3dB band width of Gaussian filter. 
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As mentioned above, an influence of the intersymbol interference is 
subjected to influences of the symbol in a past of the certain point of time and in a 
future of that point of time. As an example, the influence g(t) of the intersymbol 
interference at the certain time (a k) becomes, If It Is assumed that it is subjected 
to the influences by past one symbol (a k-1) and next one symbol (a k+1), and 
influences of an inversion of the code are neglected, a combination of three of 
(A) to (C) recited below ; 

(a k-1, a k, a k+1) = (1, 1, 1) (A) 

-(-1,1,1) (B) 

-(-1,1,-1).... (C) 
where (A) means a repetition of T 1 as the information symbol, (B) the 
repetition of "-1" - "1" - "1" as the information symbol, and (C) the repetition of 
« m y - *t . ".1" as the information symbol. 

The Influence of the intersymbol interference in this case can be 
computed like an equation (7) recited below. 

r ±erf(3x0)** -repetition of "1" as the information symbol 
+erf(xO)** repetition of ".rw'rw'r as the information symbol 
±[2erf(x0)-2erf(3x0)j " repetition of "-r->"r->",r as the information 



g(t)= «< 
symbol 



where x 0 = ^ = 2.668BbT, erf(x) - -ptf e'^dC (7) 

2 V7T 

Accordingly, in the intersymbol interference analysis circuit 48, it is 
possible to determine an existence/nonexistence of the intersymbol interference 
of the reception signal in time axis by means of, for the reception signal, collating 
the intersymbol interference amount computed by such a technique as mentioned 
above. 

On the other hand, the spectrum analysis circuit 49 performs a spectrum 
analysis for the inputted reception signal, and computes a BbT from a spectrum 
shape thereof. Here, Bb is a 3dB band width of the signal, and l a symbol dock 



9- S: 2:04 :«-Mftft*!iffi 



OSTROLENK 



31335030250 




37 



time. Generally, although the BbT of the MSK signal is infinity, the GMSK signal 
becomes a constant value because it is subjected to a band restriction by the 
Gaussian filter. Accordingly, the spectrum analysis circuit 49 determines an 
existence/nonexistence of the intersymbol interference by computing the BbT 
from the spectrum shape and collating it 

On the basis of the characteristic extraction and the analysis result of the 
intersymbol interference analysis circuit 48 and the spectrum analysis circuit 49, 
the modulation type determination circuit 50 performs, for the reception signal, the 
discrimination to the effect that it is the GMSK signal in case where It Is 
recognized that the intersymbol interference owes to a characteristic of the 
Gaussian filter. In case where the intersymbol interference is not recognized, 
the modulation type determination circuit 50 further outputs a discrimination result 
to the effect that it is the MSK signal. Further, in case where it can be 
discriminated neither as the MSK signal nor the GMSK signal, in which the 
intersymbol interference does not owe to the characteristic of the Gaussian filter, 
the modulation type determination circuit 50 discriminates that it is an unknown 
(unclear) signal. Incidentally, on this occasion, similarly to the modulation type 
determination circuit 13, the modulation type determination circuit 24 and the 
modulation type determination circuit 37, in the modulation type determination 
circuit 50, a discrimination accuracy is improved by using plural determination 
parameters, and a further improvement in the discrimination accuracy is intended 
by performing a weighting processing for the plural characteristics extraction 
result inputted to the modulation type determination circuit 50. Of course, as 
mentioned before, a weighting coefficient is found from a result adjusted so as to 
optimally operate in the test using the test signal. 

Here, as to the signal discriminated as the MSK signal and the GMSK 
signal, its discrimination result is outputted, and the signal discriminated as an 
unknown signal is inputted to the backtracking circuit 51 . Similarly to the 
backtracking circuits mentioned before, the backtracking circuit 01 has stored the 
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branch point (branch) of each determination processing and, in case where the 
unknown signal is inputted, switches the signal such that a processing for a 
different modulation discrimination is performed again by returning to that branch 
point. And, when the unknown signal is returned to the point of the 
determination processing by the backtracking, in case where there are plural 
candidates, a candidate having a highest possibility is computed from a result 
obtained by the modulation type discrimination processing until that point of time, 
and the unknown signal is switched. 

Incidentally, in the modulation type discrimination processing and the 
characteristic extraction processing and the analysis processing, which have 
been mentioned until the above paragraph, it is also possible to realize the 
discrimination of high accuracy by means of performing the determination 
processing by using one of or combining a plurality of Al techniques (neural 
network technique, expert system, fuzzy technique, GA technique and the like). 

From the foregoing, by the operations as mentioned above, even in case 
where a communication wave whose communication elements are completely 
unknown is received, its modulation type becomes possible to be automatically 
discriminated. 

A second embodiment of the present invention is explained by referring 
to Fig. 15. In the second embodiment of the present invention, a tuning error 
correction circuit 6 is added to the constitution of the first embodiment shown In 
Fig, 5. Since other constituent elements excluding the tuning error correction 
circuit 6 are completely the same as the first embodiment, detailed explanations 
arc omitted. 

In the first embodiment, in case where the communication wave of the 
unknown communication elements is received, on discriminating its modulation 
type, it is necessary that a frequency of the reception signal is completely tuned. 
Provisionally, in case where the tuning is insufficient, it is considered that its 
discrimination accuracy is influenced. In order to solve this problem, the tuning 
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error correction circuit 6 is provided. The tuning error correction circuit 6 
comprises a spectrum analysis circuit (spectrum analysis portion) 61 and a 
frequency correction circuit 62. 

Concretely, by the spectrum analysis circuit 61, a spectrum extraction 
and analysis of the reception signal is performed, and a center frequency or a 
carrier wave frequency of the reception signal is detected. Thereafter, the 
frequency correction circuit 62 detects a tuning error from the detected center 
frequency and performs an error correction. Here, a technique such as FFT 
(Fast Fourier Transform) is used for a spectrum analysis, and the center 
frequency of the reception signal is computed from FFT calculation results of 
plural times. It is one of characteristics of this embodiment to intend an 
improvement in detection accuracy by utilizing the calculation results of plural 
times in this manner. Incidentally, it is considered to use an NCO (Numerical 
Control Oscillator) and the like for the frequency correction. 

As mentioned above, by adding the tuning error correction circuit 6, it 
becomes possible to automatically detect and compensate the tuning error, so 
that the improvement in discrimination accuracy can be realized. 

Further, the second embodiment has an effect that, even in case where 
the leception signal is switched Lo another signal and the frequency is changed, it 
can flexibly follow a change in the frequency. 

Next, a third embodiment of the present invention Is explained by 
referring to Hg.16. in the third embodiment, a storage circuit 7 is added to the 
constitution of the first embodiment shown in Fig. 5. That is, the storage circuits 
(first to third storage portions) 7 are respectively connected to the backtracking 
circuits 25, 38, and 51. 

If a signal discriminated as unknown is inputted, each of the 
backtracking circuits 25, 38, 51 in this embodiment discriminates that it is a signal 
of the modulation type other than that made an object, stores the characteristic, 
extraction and the analysis result (including the communication elements), which 
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are obtained from various analyses, and thereby constructs a data base of self- 
regeneration type. By means of storing, by the backtracking circuit, the 
discrimination processing result of the reception signel switched to another 
determination processing to the storage circuit 7, this embodiment further has a 
characteristic that it is added to the data base. By this, in case where the 
unknown signal is inputted again to the backtracking circuit, by collating it with the 
Information of the storage circuit 7 an optimum discrimination processing is 
provided, and it is possible to perform the discrimination processing equivalent to 
the signal having been made the object notwithstanding the fact that it is unknown 
(unclear). Besides, there are brought about effects that a kind of the signals 
capable of being dealt with is increased and an increase in efficiency (reduction in 
calculation amount) of the processing is made possible. 

Incidentally, it is needless to say that the third embodiment can be used 
by being combined with the second embodiment 



Next, a fourth embodiment of the present invention is explained by 
referring to Ftg.1 7. In the fourth embodiment, elements storage circuits 8 arc 
added to the constitution of the first embodiment shown in Fig. 5. That is, the 
elements storage circuit 8 is connected to the symbol clock extraction circuit 31 in 
the linear modulation type discrimination circuit 3. Further, the elements storage 
circuits 8 are connected respectively to the symbol clock extraction circuit 45 and 
the modulation Index detection circuit 45 in the non-linear modulation type 
discrimination circuit 4, and the elements storage circuit 8 is connected, in 
common, to the intersymbol interference analysis circuit 48 and the spectrum 
analysis circuit 49. 



The elements storage circuit 8 is, among the various characteristic 
extraction circuits of the reception signal, a circuit for storing the elements 
necessary for demodulating the reception signal, and makes a demodulation 
processing of the reception signal possible by summing the modulation type 
determination result and uutputting that result to a receiver. For example in the 
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digital modulation type, the elements necessary for demodulating the reception 
signal are a symbol clock rate, a modulation index, a filter parameter and the like. 
As a result, this embodiment has a new effect that not only the discrimination of 
the modulation type but also the demodulation processing of the reception signal 
are made possible. Further, by preliminarily storing the elements of 
communication service(for example, in case of PHS: modulation type ziAshift 
DQPSK. modulation speed 192 ksymbol/s, filter; roll-off filter, filter coefficient 0.5, 
etc.) to the elements storage circuit 8, there is obtained a new effect that it 
becomes possible to specify not only the modulation discrimination processing 
result but also the communication service. Incidentally, on this occasion, even if 
all of the communication elements do not accord, by computing its possibility, it is 
possible in case exceeding a threshold value to cause it to have a function of 
specifying as the service concerned. 

Here, the demodulation processing can be realized by means of using a 
software reception device by the same apparatus. 

Of course, the fourth embodiment can be used by being combined with 
the second and third embodiments. 

Next, a fifth embodiment of the present invention is explained by 
referring to Tig. 18. In the fifth embodiment, a backtracking circuit (fourth 
backtracking portion) 17 and a storage circuit (fourth storage portion) 10 are 
added to the constitution of the first embodiment shown in Fig. 5. That is, the 
backtracking circuit 17 and the storage circuit 18 are connected to the modulation 
type determination circuit 13. 

The first embodiment is constituted from a premise that it is possible to 
discriminate whether the reception signal is the analog modulation signal or the 
digital modulation signal and, in case where it is discriminated as neither of them, 
there is a possibility that the processing hangs up. In case where it is 
discriminated as neither the analog modulation signal nor the digital modulation 
signal, the reception signal is inputted to the backtracking circuit 17. Signal 
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elements extracted and analyzed in the analog/digital modulation type 
discrimination circuit 1 are stored to the storage circuit 18, and they become data 
for collating when the same signal is inputted in next time. On the other hand, 
the backtracking circuit 17 outputs the reception signal lo the analog modulation 
type discrimination circuit 2, the linear modulation type discrimination circuit 3 and 
the non-linear modulation type discrimination circuit 4 in order for performing the 
characteristic extraction and analysis processing of the reception signal, and 
stores the results thereof to the storage circuit 18. 

The data stored in the storage circuit 18 are collated with the signal 
elements extracted and analyzed from the reception signal, and the reception 
signal is outputted to any one of the analog modulation type discrimination circuit 
2, the linear modulation type discrimination circuit 3 and the non-linear modulation 
type discrimination circuit 4, or to the plural discrimination circuits. 

By this, there are brought about effects that the processing does not hang 
up even in case where the signal not capable of being discriminated in the 
modulation type discrimination circuit 13 is inputted again, the unknown signal 
can be dealt with by performing a collation with the signal elements data extracted 
and analyzed from the reception signal and a processing as the signal capable of 
being dealt with, which is seemed as if it has been previously registered, can be 
provided. 

Further, by this processing, there is brought about an effect that a kind of 
signals capable of being dealt with can be increased. 

Incidentally, the fifth embodiment can be used by being combined with 
the second, third and fourth embodiments. 

Next, an embodiment of an automatic modulation type discrimination 
system using the automatic modulation type discrimination apparatus mentioned 
above is explained by referring to Fig. 19. In Fig. 19, this system comprises an 
ADC (Analog Digital Converter) 101, an HBF (Half Band Filter) 102, an NCO type 
oscillator module 103, a buffer 104, a DSP/CPU (Digital Signal Processor/Central 
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Processing Unit) 105, a PLD (Programmable Logic Device) 106, and a clock 
signal generator 1 07. The ADC 101 quantizes an analog signal of intermediate 
frequency (IF) to a digital signal. The HDF 1 02 performs an orthogonal 
transformation processing for converting the quantized signal of intermediate 
frequency into a complex signal of a base band zone, an LPF (Low Pass Filter) 
processing, and a thinning processing of 2 (two). The oscillator module 103 
compensates an error of tuning frequency. The buffer 104 Is one for temporarily 
storing the data and smoothly flowing the signal to the DSP/CPU 105. The 
DSP/CPU 105 is one for performing the modulation type discrimination 
processing mentioned before. The PLD 106 is one for internally frequency- 
dividing a clock signal of the clock signal generator 107 and supplying it to each 
element 

Next, an operation of this system is detailedly explained. In Fig. 19, it is 
the DSP/CPU 105 that realizes the function of each of the embodiments 
mentioned before, and all processings are realized by a digital signal processing 
technique. In case where a processing in real time is taken into consideration, 
the DSP/CPU 105 becomes a parallel processing using plural elements. By the 
digital signal processing technique, the ADC 101 has a function of quantizing an 
analog signal received by an antenna in order lo realize this embodiment to the 
digital signal. 

However, in this embodiment, the conversion processing to a frequency 
of base band vicinity of the input signal is realized by means of using a signal 
obtained by frequency-dividing the signal of the clock signal generator 107 by the 
PLD 106 and, when quantizing, performing an under-sampling (band-pass 
sampling) to thereby agree with the quantization. 

The I IGr 102 is used for the purposes of reducing a calculation amount 
in the DSP/CPU 105 and extracting the complex signal which becomes 
necessary when, in this embodiment, extracting the communication elements 
such as phase and frequency of the signal. The HBF 102 realizes a frequency 
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down convert processing of 1/4 of sampling frequency, an LPF processing, and 
the thinning processing of 2 (two) of the quantization signal, which becomes 
possible accompanying with the matters mentioned above. 

The oscillator module 103 realizes the function of the tuning error 
correction circuit 6 shown in the second embodiment of the present invention by 
operating In conjunction with the DSP/CPU 105. Concretely, a spectrum 
analysis (role of the spectrum analysis circuit 61) of the reception signal is 
performed by the DSP/CPU 105, and a compensation of the tuning error obtained 
by the spectrum analysis is digitally realized by the oscillator module 1 03. By 
this, the reception signal becomes a complex signal subjected to the signal tuning 
processing of the base band zone. The buffer 104 temporarily stores an output 
signal from the oscillator module 103, and performs a synchronization processing 
for smoothly inputting the signal to the DSP/CPU 105. The PLD 106 supplies a 
clock suitable for each element by internally frequency-dividing a clock of the 
clock signal generator 107. By adopting the constitution mentioned above, this 
embodiment can be realized. 

Especially, the hardware constitution for unitarily realizing the 
modulation type discrimination processing and efficiently performing it by using 
the digital signal processing technique, and the signal processing technique 
become the characteristics. 

Incidentally, in order to implement, for the DSP/CPU 105, a 
discrimination processing operation mentioned later, a recording medium 108 in 
which a discrimination processing program has been recorded is provided. The 
recording medium 108 is realizes by a magnetic disc, a semiconductor memory, 
and other recording mediums. 

Fig. 20 is a flowchart diagram showing a flow of an automatic modulation 
type discrimination processing operation by the discrimination processing 
program recorded in the recording medium 108. The discrimination processing 
program is read from the recording medium 108 to the DSP/CPU 105 thereby 
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conlrolling an operation of the DSP/CPU 105. 

Referring to Fig.20, in a step S1, a plural characteristics extraction and 
analysis processing for the reception signal are performed by the envelope 
detection circuit 11, the envelope deviation determination circuit 12, the symbol 
clock extraction circuit 14, The symbol clock determination circuit 15 and the 
spectrum analysis circuit 16 in the analog/digital modulation type discrimination 
circuit 1. In a step S2, on the basis of the extracted plural characteristics and 
analysis result, by the modulation type determination circuit 13 it is determined 
whether the reception signal is the analog modulation type, the linear modulation 
type by digital modulation type or the non-linear modulation type by digital 
modulation type. 

In case where in the step S2 the reception signal is determined as one 
by analog modulation type, it proceeds to a step S3, In the step S3, the plural 
characteristics extraction and analysis processing for the reception signal is 
performed by the carrier wave extraction circuit 21, the side band spectrum 
detection circuit 22, the signal band detection circuit 23. the envelope detection 
circuit 26 and the envelope fluctuation determination circuit 27 in the analog 
modulation type discrimination circuit 2. In a step S4, on the basis of the 
extracted plural characteristics and the analysis result, by the modulation type 
determination circuit 24 it is determined whether the reception signal is the AM 
modulation type or the FM modulation type. In case where in the step S4 the 
reception signal is determined to be an unknown signal which is neither the AM 
modulation type nor the FM modulation type, it proceeds to a step S5 where a 
backtracking processing is performed. 

In case where in the step S2 the reception signal is determined to be the 
linear modulation type by digital modulation type, it proceeds lo a step S6. in the 
step S6, a re-sampling processing Including a symbol clock extraction and a 
signal symbol extraction is performed by the symbol clock extraction circuit 31 
and the re-sampling circuit 32 in the linear modulation type discrimination circuit 3 
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Subsequently, in a step S7, a symbol vector radius is computed by the amplitude 
distribution extraction circuit 33 and, further, a processing for extracting its 
amplitude distribution characteristic is performed. In a step S8. on the basis of 
the extracted amplitude distribution characteristic, the modulation type 
determination circuit 34 determines whether the reception signal is the' 16 QAM 
signal and the M-ary QAM signal, or a signal other than the former signals, in 
case where in the step S8 the reception signal is determined to be the linear 
modulation type signal other than the 16 QAM signal and the M-ary QAM signal, it 
proceeds to a step S9, In the step S9, a modulation type is assumed by the 
assumed carrier wave synchronization processing circuit 35, and a carrier wave 
synchronization processing is performed. Subsequently, in a step S10, a 
processing for extracting amplitude distributions of the (odd number)-th signal 
symbol and the (even number)-th signal symbol is performed by the amplitude 
distribution circuit 36. In a step S11, on the basis of the extracted amplitude 
distributions, the modulation type determination circuit 37 determines whether the 
reception signal is the BPSK signal, the QPSK signal, the 7i/4-shift QPSK signal 
or the 8-PSK signal. In case where in the step $11 the reception signal is 
determined to be an unknown signal which is none of the BPSK signal, the QPSK 
signal, the rc/4-shift QPSK signal, the 8-PSK signal and the M-ary PSK signal, it 
proceeds to a step S12. In the step S12, a backtracking processing by the 
backtracking circuit 38 is performed. 

In case where in the step S2 the reception signal is determined to be the 
non-linear modulation type by digital modulation type, it proceeds to a step S13. 
In the step S13, an FM detection, a symbol clock extraction and a re-sempling 
processing arc first performed by the FM detection circuit 41 , the symbol clock 
extraction circuit 45 and the re-sampling circuit 42 in the non-linear modulation 
type discrimination circuit 4. Subsequently, in a step S14. an amplitude 
distribution extraction processing for a multi-level number determination in the 
non-linear modulation type from the re-sampled signal is performed by the 
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amplitude distribution extraction circuit 43. In a step SI 5, by the fact that, on the 
basis of the extracted amplitude distribution, the modulation type determination 
circuit 44 performs the multi-level number determination, it is determined whether 
the reception signal is the M-ary FSK signal or a signal other than the former 
signal. In case where in the step S15, the reception signal is determined to be a 
signal other than the M-ary FSK signal it proceeds to a step S16, In the step 
S16, on the basis of a symbol clock extracted in the symbol clock extraction 
circuit 45, a modulation index of the reception signal is detected by the 
modulation index detection circuit 46. In a step S1 7, on the basis of the detected 
modulation index, the modulation type determination circuit 47 determines 
whether the reception signal is the 2-FSK signal or a signal other than the former 
signal. In case where the reception signal is determined to be a signal other 
than the 2-FSK signal, it proceeds to a step SI 8 where an intersymbol 
interference in time axis and an intersymbol interference in frequency axis are 
analyzed by the intersymbol interference analysis circuit 48 and the spectrum 
analysis circuit 49. In a step S19, by an analysis result in the step S18, the 
modulation type determination circuit 50 determines whether the reception signal 
is the MSK signal, the GMSK signal or an unknown signal. In case where in the 
step S19, the reception signal is determined to be an unknown signal, it proceeds 
to a step S20. In the step S20, a backtracking processing by the backtracking 
circuit 51 is performed. 

Next, a sixth embodiment of the present invention is explained by 
referring to Fig.21 . This embodiment may be said to be a modification of the first 
embodiment of Fig. 5- That is, this embodiment is based on the fact that, in the 
modulation type determination circuit 13 in the analog/digital modulation type 
discrimination circuit 1, also the FM modulation signal and the AM modulation 
signal of analog modulation type can be discriminated by using the envelope, the 
symbol clock and the spectrum characteristic of the reception signal. In this 
case, although a discrimination accuracy of the FM modulation signal and the AM 
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modulation signal is low in comparison with the analog modulation type 
discrimination circuit 2 of Fig. 5, there is no change in the fact that the 
discrimination is possible. Of coutse, this embodiment can be used by being 
combined with the aforesaid second to fifth embodiments, and can be applied 
also to the discrimination system shown In Fig. 19. In this case, the 
discrimination processing program recorded in the recording medium 108 
determines, in the step S2 among the steps S1 to S20 shown in Fig.20, whether 
the reception signal is the FM modulation signal of analog modulation type, the 
AM modulation signal of analog modulation type, the linear modulation type by 
digital modulation type or the non-linear modulation type by digital modulation 
type. And, the steps S3 to S5 of Fig. 20 are omitted, and the steps S6 to S20 of 
Fig.20 are implemented in this embodiment respectively as the steps S3 to S17. 

Fig. 22 shows a seventh embodiment of the present invention set forth in 
each of claims 10, 23 and 50. In Fig. 22, in this embodiment, a constitution of the 
linear modulation type discrimination circuit 3 is different from that of the first 
embodiment shown in Fig. 5. Concretely, the linear modulation type 
discrimination circuit 3 comprises the symbol clock extraction circuit 31, the re- 
sampling circuit 32. the amplitude distribution extraction circuit 33, an amplitude 
distribution extraction circuit (third amplitude distribution extraction portion) 39, a 
modulation type determination circuit (eighth modulation type determination 
portion, but in case where combined with a later-mentioned embodiment of Fig. 25, 
fourth modulation type determination portion) 34', and the backtracking circuit 38 
(second backtracking circuit in claims 10 and 23, and first backtracking portion in 
claim 50). 

The symbol clock extraction circuit 31 regenerates and extracts the 
- symbol clock from the reception signal. The re-sampling circuit 32 re-samples 
the reception signal on the basis of the extracted symbol clock, and extracts an 
information-superimposed signal symbol. The amplitude distribution extraction 
circuit 33 computes a symbol vector radius from an extraction result of the re- 
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sampling circuit 32 t and extracts its amplitude distribution. The amplitude 
distribution extraction circuit 39 analyzes the amplitude distribution of the 
reception signal. On the basis of an extraction result of the amplitude 
distribution extraction circuit 33 and an analysis result of the amplitude distribution 
extraction circuit 39, the modulation type determination circuit 34* discriminates 
whether the reception signal is the 16 QAM signal, the M-ary QAM signal of 
multi-level exceeding 16-levels, the BPSK signal, the QPSK signal, the */4 -shift 
QPSK signal, the 8-PSK signal, the M-ary PSK signal of multi-level exceeding 8- 
levels or an unknown signal not corresponding to the former signals. The 
backtracking circuit 38 stores a branch point (branch) of each determination 
processing at the modulation type determination circuit 34' and, in case where it is 
discriminated to be the unknown signal, switches the reception signal such that a 
processing for discriminating the different modulation type is performed again by 
returning to that branch point 

The amplitude distribution extraction circuit 39 in this embodiment 
analyzes an amplitude distribution characteristic of the reception signal before the 
re-sampling processing Is performed. As shown In Flg.23 and Fig. 24. the 
amplitude distribution characteristic of the symbol vector radius before the re- 
sampling has an inherent amplitude characteristic for every modulation type and 
owing to, even if for the same modulation type, its multi-level number. That is, 
from the amplitude distribution characteristic, the discrimination of the linear 
modulation type by digital modulation type is possible. A more concrete 
discrimination method is as follows. An amplitude distribution waveform 
normalized for every modulation type having been made an object is previously 
prepared in the modulation type determination circuit 34\ and the discrimination is 
possible by collating the amplitude distribution waveform, in its correlation, with 
an output of the amplitude distribution extraction circuit 39. Incidentally, In each 
of Fig. 23 and Fig.24 ( the avis of abscissas denotes a symbol vector radius after 
the normalizing, and the axis of ordinates a probability density function. Further, 
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measurements are performed under conditions that a filter type is a route nyquist 
filter and a roll-off rate (a) - 0.5. Especially, in this embodiment, since it is 
adapted such that the collation is performed combining with the amplitude 
distribution characteristic after the re-sampling by the fact that the re-sampling 
cucuit 32 and the amplitude distribution extraction circuit 34 are provided, an 
improvement in discrimination accuracy can be intended. In reversely 
mentioning, depending on circumstances, the re-sampling circuit 32 and also the 
amplitude distribution extraction circuit 34 may be omitted. 

Of course, this embodiment can be used by being combined with the 
second to sixth embodiments mentioned before, and can be applied also to the 
discrimination system shown in Fig. 19, In this case, as to the discrimination 
processing program recorded in the recording medium 108, the steps S9 to S12 
among the steps S1 to S20 shown in Fig. 20 are omitted and, after the step $7, an 
analysis step by the amplitude distribution extraction circuit 39 is implemented. 
And, after this step, the aforesaid determination operation by the modulation type 
determination portion 34^ is implemented. 

Next, an eighth embodiment of the present invention, set forth in claim 
45 is explained by referring to Fig.25 and Fig.26. In this embodiment, a 
discrimination circuit 70 by an envelope fluctuation characteristic is provided in 
place of the analog/digital modulation type discrimination circuit 1 in the first 
embodiment of Fig. 5. The discrimination circuit 70 comprises an envelope 
detection circuit 71. an envelope fluctuation determination circuit 17. an FM 
detection circuit 73, a symbol clock extraction circuit 74, and a modulation type 
determination circuit (first modulation type determination portion) 75. 

A detection processing of the envelope is implemented for the reception 
signal by the envelope detection circuit 71 (a 3tep S31 of Fig.26) (a first step), and 
an existence/nonexistence of the envelope fluctuation is determined by the 
envelope fluctuation determination circuit 72 (a step S32) (a second step). As to 
the signal deleirnined to have no envelope fluctuation, an FM detection 
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processing is performed by the FM detection circuit 73 (a step S33) (a third step), 
and a symbol clock is extracted by the symbol clock extraction circuit 74 (a step 
34) (a fourth step). Also as to the signal determined to have the envelope 
fluctuation, the symbol clock is extracted by the symbol clock extraction circuit 74 
(a step S36) (a fifth step). In the modulation type determination circuit 75. from 
an existence/nonexistence of the symbol clock it is discriminated In steps S35 
and S37 whether the reception signal is the AM modulation signal, the FM 
modulation signal, the linear modulation signal by digital modulation type or the 
non-linear modulation signal by digital modulation type, and a discrimination 
result is outputted (a sixth step). Incidentally, in case where in the step S37, the 
reception signal is discriminated to be the linear modulation signal of digital 
modulation type, it proceeds to the step S6 in Fig.20, and the steps S6 to S12 are 
implemented as seventh to thirteenth steps. On the other hand, in case where in 
the step S3 the reception signal is discriminated to be the non-linear modulation 
signal of digital modulation type, it proceeds to the step S13 in Fig. 20, and the 
steps S13 to S20 are implemented as fourteenth to twenty-first steps. 



Needless to say, the eighth embodiment can be used by being combined 
with the second to sixth embodiments mentioned before, and can be applied also 



to the discrimination system shown In Fig. 19. In this case, as to the 
discrimination processing program recorded in the recording medium 108, steps 
S31 to S37 are implemented in place of the steps Si to Sb shown in Fig. 20 and, 
after the steps S35 and S37, the steps S6 to S20 of Fig. 20 are implemented. 



For example, in case where this embodiment is combined with the third 
embodiment shown in Fig. 16, since the analog modulation type determination 
circuit 2 is omitted, the modulation type determination circuit 13 becomes a first 
modulation type determination portion, the modulation type determination circuit 
34 a second modulation type determination portion, and the modulation type 
determination circuit 37 a third modulation type determination portion. Further, 
in case where this embodiment Is combined with the seventh embodiment shown 
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in Fig. 22, the modulation type determination circuit 34' becomes a fourth 
modulation type determination portion (claim 50), not an eighth one. On the 
other hand, in either of Fig. 16 and Fig.22, the modulation type determination 
circuits 44, 47 and 50 become respectively fifth, sixth and seventh modulation 
type determination portions. 

In the first embodiment shown In Fig. 5, the discrimination of the 
analog/digital modulation type is performed hy using three parameters of the 
envelope fluctuation characteristic, the spectrum characteristic and the symbol 
clock characteristic. On the other hand, by first paying attention to the envelope 
fluctuation characteristic of the reception signal, in the eighth embodiment, the 
FM modulation signal of the analog modulation type whose envelope is a 
constant envelope fluctuation and the non-linear digital modulation type are 
discriminated from the AM modulation signal of the analog modulation type 
whose envelope is an inconstant envelope fluctuation and the linear digital 
modulation type. Thereafter, the discrimination between the analog modulation 
type and the digital modulation type is performed by an existence/nonexistence of 
the symbol clock. However, for the reception signal determined as a constant 
envelope, an FM detection processing is preferentially performed and, thereafter, 
a symbol clock extraction processing is performed. This is because the signal of 
the constant envelope fs a signal of the FM modulation system. 

According to this embodiment, in comparison with the first embodiment, 
the analog modulation type discrimination circuit 2 is unnecessary, and it is 
apparent that the linear modulation type discrimination circuit 3 and the non-linear 
modulation type discrimination circuit 4 shown in Fig. 5 are connected to the 
modulation type determination circuit 75. Further, a constitution of the 
discrimination circuit 70 can be simplified in comparison with that of the 
analog/digital modulation type discrimination circuit 1 in Fig. 5, so that a 
miniaturization of the apparatus can be realized along with a reduction in 
processing calculation amount. 
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As explained above, according to the present invention, the following 

effects are obtained. 

A first effect is the fact that the reception signal of plural modulation types 
whose communication elements are unknown is automatically discriminated, end 
its modulation type can be specified. By this, the discrimination of plural 
modulation types Is possible by a single apparatus, and a miniaturization and an 
increase in efficiency of the apparatus can be realized. This is because, on 
performing the modulation type discrimination processing, by paying attention to 
the characteristic possessed by each modulation type, there are provided means 
for extracting and analyzing that characteristic and processing means (including 
also the circuit constitution) for discriminating the modulation type by using that 
characteristic. 

A second effect is the fact that prc-informations, such as communication 
elements, for preliminarily obtaining modulation data are not required. This is 
because hitherto the modulation type discrimination processing has been 
performed by using modulation data and synchronization data or the like, but in 
the present invention the modulation type discrimination processing is performed 
by using the characteristic possessed by the signal of each modulation type 
before the demodulation. 

A third effect Is the fact that the modulation type discrimination 
processing can be performed by the plural modulation type discrimination circuits, 
not only by the single processing circuit. By this, even if the discrimination 
processing is failed by a certain modulation type discrimination circuit, this can be 
covered by another modulation type discrimination circuit, so that the 
discrimination accuracy can be improved. This is because, for the unknown 
(unclear) signal which can not be discriminated as a result of each modulation 
type discrimination processing, there is provided the backtracking circuit for 
performing the processing of switching it to another modulation type 
discrimination circuit having a highest discrimination pfobabilily. 
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A fourth effect the fact that it is possible to flexibly follow a change in 
elements, such as the modulation type discrimination processing, of the reception 
signal. By this, even in case where the reception signal having been made a 
discrimination object is changed to a signal of another modulation type or where, 
although it is the same modulation type, another communication elements are 
changed, it is possible to deal with it. This is because, in the modulation type 
discrimination processing, it is a premise to extract and analyze the 
communication elements of the reception signal, and means (circuit) therefor is 
possessed. Further, this is because there is provided means (circuit) for, from 
the extracted result, following it, e.g., the symbol clock extraction circuit, the re- 
sampling circuit or the tuning error correction circuit. 

A fifth effect is the fact that, even in case where a signal of the 
modulation type other than the discrimination object is received, the characteristic 
extraction and the analysis of that signal arc possible, so that it can be dealt with 
as a new modulation type. By this, even in case where the signal of the 
modulation type other than the discrimination object is received again, it can be 
processed as a signal capable of being discriminated, so that a flexibility and a 
deveiopability can be given to the apparatus. This is because there are provided 
means for storing, as a new signal, the characteristic extraction result of the 
reception signal discriminated as an unknown (unclear) signal to the backtracking 
circuit, and means for tracing and storing a result switched to another 
discrimination processing circuit as the unknown signal by the backtracking 
circuit. 

A sixth effect is the fact that, in the modulation type discrimination 
processing, the modulation type discrimination of high accuracy can be made by 
means of performing the discrimination by using plural characteristics extraction 
and, additionally on this occasion, performing the weighting processing for that 
characteristics extraction. This is because, in the modulation type discrimination 
method of the present invention, paying attention to the plural characteristics 
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possessed by each modulation type, there is means for extracting and analyzing 
them and, on discriminating, there is a function of deciding and weighting a weight 
(certainty) for the plural characteristics extraction result by previously performing 
the test using the test signal. 

A seventh effect is the fact that, besides the modulation type 
discrimination of the reception signal, it is possible to store and output the 
communication elements for demodulating the reception signal. By this, an 
integration of the modulation type discrimination apparatus and the reception 
device (demodulator) becomes possible, so that it is possible to enhance a 
performance of the apparatus, and to miniaturize and consolidate the apparatus. 
This is because, in the modulation type discrimination apparatus of the present 
invention, the discrimination of the modulation type is performed by means of 
extracting and analyzing the characteristic possessed by the reception signal, 
and there is provided the elements storage circuit for storing and extracting the 
communication elements obtained in the discrimination processing course. 

An eighth effect is the fact that it is possible to enhance a reliability of the 
modulation type discrimination apparatus. This is because, as explained in 
connection with the embodiments of the present invention, the modulation type 
discrimination processing can be realized by the digital signal processing 
technique, so that it is difficult to be influenced by an external environment In 
contrast to a case of the analog type. Further, this is because no maintenance is 
required. 



